To investigate whether the regulation of endocytosis plays a role in the decrease of was upregulated in this screen. In this report, we will only consider CALEB. CALEB is expressed in several CALEB at the cell surface, we labeled retinal cells with a cleavable biotin reagent (NHS-SS-biotin). After KCl molecular mass forms and contains an EGF-like domain belonging to the EGF family of differentiation treatment, biotin was cleaved at the cell surface using the nonpermeant reducing agent glutathione, followed factors (Schumacher et al., 1997). The two major molecular mass forms of CALEB at 140 and 80 kDa deby neutralization and isolation of biotinylated proteins. Analysis of Western blots using antibodies to GluR2/3 tected by mAb 4/1 appear to be reduced upon KCl treatment ( Figure 1A) . However, only the 80 kDa comindicated that a brief KCl treatment (10 min) increased the internalization of AMPA receptor subunits, which is ponent of CALEB, which is the dominating form in the developing chick retina, will be considered in the fol- In order to find out whether the downregulation was caused by shedding of the extracellular parts of CALEB, using streptavidin-agarose and were compared by Western blotting. This analysis indicated a 35.9% (n = we mapped the epitope of mAb 4/1 used in the above Western blots. Several deletion constructs of CALEB 13) decrease of the amount of plasma membrane-associated CALEB (Figures 1B and 1C) . Application of GluR fused to the human Fc-fragment and a GPI anchor attachment signal were analyzed in extracts of COS-7 agonists such as NMDA (10 M) as well as kainate (50 M) also decreased the amount of mAb 4/1-detectable cells by Western blotting using mAb 4/1 or antibodies to human Fc. On the basis of these studies, the epitope CALEB (NMDA: 24.8%, n = 8; kainate: 32.0%, n = 7). This reduction was blocked by the receptor-specific of mAb 4/1 was localized to amino acid residues 280- Figure 2F ). This component was of CALEB would result in a modified synaptic transmisalso identified by a polyclonal antibody to CALEB sion or the development of synapses. To test this, we (RbαC5) ( Figure 2F ) that binds to the N-terminal region first compared the expression pattern between chick of CALEB (see Figures 2C and 2I for the mapping) . It and mouse and investigated the putative conversion of is currently not possible to assign this shed fragment CALEB in mouse neural tissue. As described for the precisely to a defined amino acid region of CALEB. chick (Schumacher et al., 1997), mouse CALEB was However, on the basis of its antibody reactivity and its found to be expressed throughout the developing brain migration behavior in reducing and nonreducing gels and displayed a developmentally regulated expression (data not shown), it might be composed of the N-terprofile in many brain structures, including the visual minal region of the 80 kDa form of CALEB without the system ( Figure 3A) . Antibodies to the cytoplasmic seg-EGF domain. Isolation of this shed component from ment detected bands at 150 kDa, 100 kDa, and several embryonic retinal tissue extracts by immunoaffinity lower molecular mass components ranging from 38 to chromatography using mAb 4/1 was not successful, 30 kDa in the mouse colliculus superior. Treatment with most likely due to its instability (see also below).
chondroitinase ABC shifts the mobility of the 150 kDa The release of an N-terminally located extracellular band to 100 kDa, indicating that the 150 kDa form repfragment also predicts the existence of membraneresents the chondroitinsulfate-containing form of the associated truncated forms of CALEB that are not de-100 kDa band. In the colliculus superior, the amount of tectable by the antibodies described above (mAb 4/1 chondroitinsulfate attached to the CALEB polypeptide and RbαC5). To search for such components, monoclodecreases slightly from P1 to adult, while the amount nal as well polyclonal antibodies were generated to the of CALEB protein increases from P1 to P22 and then cytoplasmic segment of CALEB (Rbα55 and mAb 8-1B8; decreases in the adult ( Figure 3A ). Within the mouse Figure 2I superior from P3 mice were incubated for 2.5 hr with different reagents. In the presence of 2 mM calcium in clarify the identity of these additional bands and to asartificial cerebrospinal fluid (ACSF), a significant consess which polypeptide modules might be present in version of CALEB into truncated forms of 38 to 30 kDa the truncated forms of CALEB, the protein was isolated was observed using antibodies to the cytoplasmic segfrom plasma membranes of embryonic chick retinae ment ( Figure 3E ). This processing was found to be by immunoaffinity chromatography using mAb 8-1B8. much stronger than in cell cultures from chick retinae, Analysis of the isolate in SDS-PAGE by Coomassie blue and it was blocked by NMDA receptor antagonists and staining revealed molecular mass components idenby lowering the calcium concentration (0.1 mM) (Figtical to those described in the Western blotting of the ures 3E and 3F). In summary, mouse CALEB reveals a developing retina. Sequencing by mass spectrometry similar distribution in the developing brain as chick CALEB of tryptic peptides of bands at 38, 46, or 50 kDa and is also converted to smaller, membrane-attached (marked as 1, 2, and 3, repectively, in Figure 2H (E and F) The CALEB-deficient mice do not reveal any gross anafor Western blotting (imm.). Proteins were analyzed by Western tomical defects. Shown are Toluidine blue-stained cryostat secblotting after chondroitinase ABC treatment using Rbα55. For demtions of the cerebellum (P20) and the retina (P20). Scale bar, 100 onstrating the specificity of the antibodies, the colliculus superior m (E), 50 m (F). from CALEB-deficient mice is also shown.
animals survive with the same rate as wild-type animals. The analysis of the body weights of CALEB-defineo cassette in the mutant mice was verified by PCR ( Figure 4C ). Western blots from brains of early postnatal cient mice during postnatal development revealed no difference compared to control C57BL/6J mice. Howstages revealed the absence of CALEB polypeptides ( Figure 4D ). CALEB knockout mice were then bred from ever, the mutants were found not to care for their litters as well as the wild-type mice, suggesting a deficit in a mixed genetic background to a pure C57BL/6J background. Breeding of heterozygotes deviated slightly maternal behavior (data not shown). Morphological investigations of brains of mice lacking CALEB using tofrom the expected Mendelian ratio (29% +/+, 42% +/−, and 29% −/−; n = 185), but indicated that knockout luidine blue stain or labeling with antibodies directed to a variety of neural proteins failed to uncover structural the vesicular transport proteins VIAAT and VGluT I+II that allow us to distinguish between GABAergic/glyabnormalities in brain architecture (Figures 4E and 4F cinergic and glutamatergic terminals, respectively. and data not shown).
Again, the number of excitatory as well as inhibitory To examine the synaptic connectivity, we applied spots remained at the same level as in wild-type aniwhole-cell patch-clamp techniques to record pharmamals ( Figures 5I and 5J) , suggesting that the absence cologically separated excitatory and inhibitory postsynof CALEB does not influence synapse numbers. aptic currents (EPSCs, IPSCs) in acute horizontal slices To characterize presynaptic features of synapses in of the superficial (visual) layers of the colliculus supe-CALEB-deficient mice, we performed paired-pulse exrior from wild-type and CALEB-deficient mice. Since periments, a commonly used approach to determine CALEB is developmentally regulated (see Figure 3A) , The higher paired-pulse ratio and the reduced dethat the reduced PSC frequency resulted from an alpression of postsynaptic responses during repetitive tered action potential generation, we recorded voltagestimulation in CALEB-deficient mice are consistent with gated Na + and K + currents and calculated the respeca lower release probability (P r ). To determine P r and the tive current densities. However, no differences were size of the readily releasable vesicle pool (RRP), neufound in this regard between wild-type and knockout rons were stimulated at 50 Hz (40 pulses). Again, the mice. Likewise, repetitive spike discharge in response amplitudes of the first eIPSCs in each test response to depolarizing current pulses was also found to be unwere lower in knockouts as compared to wild-type changed by the absence of CALEB (data not shown).
preparations ( Figure 6G ). However, in contrast to wildtype preparations, eIPSCs in CALEB-deficient preparThe Absence of CALEB Results in a Lower Release ations displayed an initial facilitation, followed by a Probability of Immature GABAergic Synapses gradual decrease to a steady-state level. To obtain an The difference in the sEPSCs and sIPSCs frequency estimate of the RRP, the cumulative quantal content and the lack of changes in the amplitude and decay was plotted against stimulus number ( Figure 6H ). The time of postsynaptic currents point to a decreased quantal content (i.e., the number of vesicles released number of synapses and/or alterations on the presynwith each consecutive stimulus) was obtained by dividaptic side. To distinguish between these possibilities, ing the eIPSC amplitude by the amplitude of the the number of synapses was counted in electron microquantal inhibitory postsynaptic current (q IPSC ). The scopic view fields in sections prepared from the collicuq IPSC was defined for each tested cell as the first peak lus superior at P3. In mutant mice, synapses appeared in the amplitude distribution of the delayed IPSCs proto be structurally normal and occurred at the same duced after the end of the high-frequency stimulus number as in the wild-type colliculus ( ment, which can be viewed as an estimate of RRP. The Considering these differences in P r , we searched for quantitative changes in the fine structure of presynaptic RRP value calculated by this method was 119.6 ± 17.9 vesicles (n = 16) and 98.8 ± 14.9 vesicle (n = 17) for terminals by performing a double-blind morphometric analysis of EM images obtained from the P3 colliculus wild-type and CALEB knockout mice, respectively. The difference between the two genotypes was not signifisuperior. In these measurements, we detected no significant difference in the number of docked vesicles per cant. Having an estimate of RRP, P r could be calculated as P r = eIPSC1/(RRP × q IPSC ). The estimated values micrometer of active zone or the fraction of docked vesicles, indicating that the absence of CALEB does of P r were 0.293 ± 0.022 for wild-type (n = 16) and 0.193 ± 0.023 (n = 17) for knockout mice. This difference not lead to an overall remodelling of presynapses (Table  1) . We then analyzed vesicle-enriched synaptosomal was significant at p < 0.01 ( Figure 6I ). As a first step toward characterizing the role of CALEB The EGF domain is likely to play a prominent role in in synapse formation, we compared features of synthe function of CALEB and becomes accessible upon apses in CALEB-deficient and wild-type neurons at difprocessing for interaction with a yet unknown receptor, ferent developmental stages. Although mice lacking CALEB did not exhibit an overt phenotype in the adult, electrophysiological analysis of synaptic connectivity in the visual layers of the colliculus superior demonstrated that specific aspects of synaptic transmission are altered in the mutant mice. At the outset, it is important to note that all measured effects of CALEB gene inactivation were confined to a very young age when glutamatergic synaptogenesis starts and most GABAergic synapses are still depolarizing in the colliculus superior (Grantyn et al., 2004 ). In the absence of CALEB, four observations were made: (1) the frequency of spontaneous EPSCs and IPSCs was lower, (2) the paired-pulse ratio was higher, (3) the depression of evoked IPSCs during high-frequency stimulus trains was lower, and (4) the neurotransmitter release prob- 
